Abstract. 2014 A study is made of the influence of magnetic interactions in dilute suspensions of superheated superconducting spheres, which are placed in a homogeneous external magnetic field. The spheres become normal conducting as the external field is increased. Expressions, depending on the configuration of the spheres and the external field, are derived for the fraction of spheres which still are superconducting at a given external field strength, as well as for the probability distribution of the maximum field strength on the surface of a sphere. The averages of these quantities are evaluated to first order in the volume fraction occupied by the spheres. The [3] and [4] ).
modynamically stable normal state. This effect has been suggested to be used for the detection of elementary particles [5, 6] : the change of magnetic flux through the sample, when the latter becomes normal conducting due to energy deposited by a passing elementary particle, can be registered as voltage pulse in an induction loop.
The superheated state is, however, also very sensitive to defects on the surface of the superconductor, which may act as nucleation centres for the transition into the normal conducting state. The phenomenon of superheating can therefore in general only be observed in a sample with an extremely carefully prepared surface [7] , making the construction of a large detector consisting of one (1) At B = 3 Bex, where the lowest order 2 P0 of the expansion has a jump discontinuity, the density expansion converges poorly (cf. also the discussion in Sect. 3) ; therefore the two branches of the curves do not match at that point. spheres mixed with plastic powder. For indium [4] B,hIBc '.--2.5, which is slightly higher than the corresponding ratio for tin. The volume fraction of indium in the sample was about 1/6. The spheres were not at all monodisperse, but their radii varied from 5 to 25 um. Feder and McLachlan did not use the pulse detection method mentioned in the introduction ; they essentially measured the effective permeability of the sample, so that they could not distinguish between the transitions of one large sphere and those of several small ones. Keeping this in mind, it is not astonishing that the measurements of Feder and McLachlan do not quantitatively agree with the result of the first order density expansion, also drawn in figure 7 for 0 = 0.17 and 4 = 0. We rather consider remarkable the extent to which the theoretical curve corresponding to a strongly idealized system correctly describes the global form of the experimental results.
On the other hand recent experimental data obtained by Mettout and Waysand [12] strongly deviate from the theory. The samples used in their measurements consisted of tin spheres dispersed in paraffin. The tin spheres in the samples tend to form clusters. Waysand and his collaborators tried to dissolve these by special mixing procedure, but since measurements of the effective dielectric constants of the samples [14] do not agree with the theoretical results for hard-sphere fluid like distribution of the spheres [15] we tend to conclude that the samples still contained clusters. This already asks for some caution when one compares the experimental data to the theory. Figure 8 shows the experimental results found for the fraction F by Mettout and Waysand. 
To interpolate between the values found for
Fo we use the function F O(Bex) = (1/2) {I -tanh (15 (Bex/Bsh -0.48))), which is also drawn in figure 9 (note that this function is merely used to fit the data and has no theoretical significance). Figure ing to this function. The discrepancy between theory and experiment is enormous : the theoretical values for F1 are one order of magnitude larger than those found experimentally.
This disagreement cannot be explained by the fact that the samples, which had dimensions 20 mm x 15 mm x 2 mm, were not infinitely extended flat slices, as assumed in the evaluation of the long range part of the integral (3.10). Even if one puts the long range part of this integral equal to zero, which corresponds to a spherical form of the sample, the theoretical values for F1 1 still are about five times larger than the experimental ones (see Fig. 10 ).
The [11] suggests that just the opposite is the case. These authors used the following unsystematic approximation for the maximum field strengths
The second term between the braces in equation (5.1) gives to leading order in the inter-particle distance the field which dipoles on spheres i =1= k produce at the position of sphere k in the case that all spheres are far away from each other. In this case the total field incident on sphere k, i.e. the sum of the external field Bex and the field generated by the dipoles on spheres i =A k, can be considered to be homogeneous in the vicinity of sphere k. The maximum field strength on the surface of sphere k is then simply given by 3/2 times the strength of this incident field. In the r.h.s. of equation (5.1) [16] . These authors give the following expression for the potential 0 at a position r outside the spheres (cf. Ref. [16] , Eqs. (3.3), (3.7) and (3.10))
Here the centre of the first sphere was chosen as the origin of the coordinate system, R -R2 -Rl denotes the position of the second sphere's centre and PQ the associated Legendre function. The angles 0, 0, y and e 2 are defined by
The coefficients alm' describing the strengths of the various multipole moments induced on the spheres, are the solutions of the infinite systems of linear equations To obtain the relations (A.12) from equations (3.12) and (4.1) of reference [16] one has to take the background dielectric constant £1 in that paper equal to one and the dielectric constant C2 of the (homogeneous) spheres equal to zero ; this choice guarantees that the boundary condition (A.5) is satisfied (the fact that E2 = 0 is an unphysical value for a dielectric constant does of course not affect the validity of the mathematical analysis).
The angles 0 and e2 are not independent, and for studying the field strength on the surface of sphere 1 it is convenient to eliminate 62 in favour of 0. This can be done with the aid of the relation which is valid for r R (cf. Ref. [16] The maximum of this function with respect to the angles 0 and 0 can be determined numerically ; some values are displayed in figure 2.
In the numerical calculations only a finite number of multipoles can be taken into account. As the spheres approach each other, more and more multipoles are needed to achieve a satisfactory precision. Figure 12a shows for fixed Rla the maximum field strength as function of the number of multipoles taken into account, while figure 12b shows as function of Rla the number of multipoles necessary to achieve a precision of 1 %. This number increases dramatically when R becomes smaller than ca. 2.1a. 
